Abstract. The article offers a method to solve Buckley-Leverett's problem, taking into account the nonlinear dependence of the filtration rate of viscoplastic oil on the pressure gradient. This method is based on the transformation of the fractional flow function by introducing in the theory of water drive the equations reflecting the rheological features of the oil flow. The resulting model allows us to quantify the influence of rheological factors on the completeness of the water-oil displacement and to calculate the performance, taking into account the component composition of the hydrocarbon phases. Taking the Samara Region oil fields as an example, the article shows that the quality of design is unsatisfactory when the bundled software being used does not take into account specific non-Newtonian properties of the high-viscosity oil.
In Buckley-Leverett's theory of water drive, the filtration rates of the two fluids, oil and water, are subject to Darcy's linear law. In other words, oil is considered as a Newtonian system that in bed conditions is characterized by a constant viscosity, independent of the created pressure gradient and filtration resistance. However, the oil content of a number of oil fields includes increased amounts of the substance capable of forming an internal structure: asphaltenes, tars and alkanes. Any high-viscosity oil has structural and mechanical properties and behaves as a non-Newtonian fluid, depending on the concentration of high molecular substances, the component analysis of casing head gas, permeability and temperature. An unfavourable combination of these factors leads to an increase in viscosity, deceleration of the oil filtration rate, and the progressive bed water influx.
Therefore, the classical Buckley and Leverett's approach is not correct for a whole class of oil that are non-Newtonian systems and, in particular, exhibit the features of nonlinear viscoplastic fluids [1] .
The way out of this situation is the input into the hydrodynamic model of dependence similar to Darcy's law, but reflecting the non-linear relationship between the oil filtration rate and the pressure gradient, taking into account the rheological characteristics of the flow.
As for viscoplastic fluids, there are several dependencies of this kind [4] . For the integration in the two-phase filtration model, the most convenient is the hyperbolic law
where V is the speed of oil filtration; k is the absolute bed permeability; µ m is the dynamic viscosity of the oil with ultimately broken internal structure; gradP is the actual pressure gradient; H is the dynamic pressure shift gradient (DPSG) of dry crude oil, determined experimentally or by calculation.
In accordance with the above dependence, the initial section O-A-B of the rheological curve (see Fig. 2 ) is approximated by a hyperbola, to which an asymptote intersecting the axis of the pressure gradients in the H-point -DPSG, may be drawn. The fractional flow function in Buckley-Leverett's theory is described by the dependence:
For the case of one-dimensional nonlinear viscoplastic oil filtration, we will assume that:
1) water filtration rate obeys Darcy's linear law:
2) oil filtration rate is determined according to a hyperbolic law for viscoplastic oil and does not obey Darcy's law:
3) the pressure gradient for oil and water is the same, the capillary pressure can be neglected. According to expression (5), the fractional flow function for a given water saturation S will depend not only on the values of the RPP, but also on the actual bed pressure gradient, and DPSG. This means that in a certain range of pressure gradients, the rates of water influx will be actively influenced by the viscoplastic properties of the oil along with the rock filtration properties.
DPSG was determined according to the empirical method offered by a team of specialists under the direction of V.V. Devlikamov [1] , and for the initial thermodynamic conditions it equalled: for Applied Mechanics and Materials Vol. 698the first object -0.000377 MPa/m, for the second one -from 0.0009 MPa/m to 0.0017 MPa/m (taking into account the variation of permeability within the range of 10.25 micron 2 to 1.082 micron 2 ). The transformed function f (S) allowed calculating the values of the current density of oil stock of the bed B 2 , which turned out to be higher compared with the traditional approach. The inaccuracy in the estimation of oil stock usually affects the efficiency of the planned geological and technical measures (GTM), and the final performance. The high-viscosity oil stock of the bed B 2 of the studied oil fields is characterized by rapid water influx of the wells after stimulation, reduction of the initial horizontal well production rates and their forced transfer to the accumulation, low efficiency of physical and chemical measures realised recently, lagging of the actual performance of annual oil production from the design, and difficulty in achieving an approved oil recovery ratio. Low GTM efficiency and water influx problem are to a certain extent due to the imperfection of the hydrodynamic modelling procedure because the "dead" oil used in the model does not account for the specific non-Newtonian properties of high-viscosity oil of the bed B 2 and their influence on the filtration.
Summary
The formula of fractional flow function obtained using the hyperbolic law of filtration, is recommended to calculate the water influx of the oil fields with the proved nonlinear viscoplastic properties, efficient localization of the reserves, and selection of the wells for the purpose of oil production stimulation and blocking of the water influx.
Input into the theory of water drive of the equations reflecting the rheological features of the oil flow, is useful to clarify the strategy for developing high-viscosity oil fields and to improve the procedure of the hydrodynamic modelling.
Efficient assessment of reserve recovery of the studied oil fields, taking into account viscoplastic properties of oil in the presence of the aqueous phase, made it possible to recommend selective water shutoff using hydrophobic emulsion systems as a relevant stimulation method for deposits with the active influence of edge water zone (aquifer). The article offers ways of oil production stimulation, based on the use of the temperature factor in combination with the water washed zones shutoff with the materials not susceptible to thermodestruction. At the same time, the article proves the possibility of addressed influence on the rheologically unfavourable sections of the bed B 2 with the increase in depression by reducing the bottom hole pressure as a result of setting more efficient pumps.
